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Although the midclavicular line (MCL) is the
usual reference point for clinical assessment of
liver size and localization of the cardiac apex
beat, we found substantial interobserver varia-
tion in locating the MCL. The distance from the
midline to the MCL as estimated by 20 clini-
cians in three subjects varied by up to 10 cm.
More variation was found for estimates in the
obese subject than for those in the two subjects
of normal build (p = 0.004). No difference in
variation was found between consultants and
house staff. The limitations of the MCL as a
reference point are discussed in light of these
findings.

I1 est traditionnel de mesurer la hauteur du foie
et de determiner l'emplacement du choc de la
pointe cardiaque par rapport a la ligne medio-
claviculaire (LMC). Mais nous trouvons d'un
observateur a l'autre une forte variation, allant
jusqu'a 10 cm, dans l'estimation de la distance
qui sdpare cette ligne de la ligne mddiane. Cette
variation est plus forte quand il s'agit de sujets
obeses que pour ceux de configuration normale
(p = 0,004). Elle est la meme chez les specialistes
et les internes. On discute de l'insuffisance de la
LMC comme repbre.

TS he midclavicular line (MCL) is the standard
reference point for clinical assessment of
liver size and localization of the cardiac

apex. However, in 1968 Rytand' reviewed several
anatomy texts and physical diagnosis manuals and
noted some uncertainty about the location of the
MCL. A point of confusion was the tendency to
assume that the MCL and the mamillary line were
synonymous, when in fact thie latter runs parallel
to the midline through the nipple, while the former
may or may not pass through the nipple, depend-
ing on the anatomy of the person examined. This
particular mistake is still found in medical dic-
tionaries,2,3 but a sampling of physical diagnosis
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manuals of various vintages4-8 suggests that most
authors define the MCL as a line that takes its
origin from a point halfway between the sterno-
clavicular and acromioclavicular joints (i.e., the
midpoint of the clavicle) and follows a perpendicu-
lar course from that reference point. Since the
clavicle itself may not be perfectly horizontal, some
authors specify that the MCL runs parallel to the
anatomic midline or the midsternal line.

One obvious difficulty with this reference
point is that there is no generally applied "gold
standard" to validate a clinician's determination of
the position of the MCL. Hence, the accuracy of
clinical MCL estimates is uncertain. Lack of a
reference standard also predisposes indirectly to
imprecision: if each clinician assumes that his or
her MCL estimate is an accurate reflection of the
"true" MCL, interobserver variation may simply be
ignored.

We therefore hypothesized that there could be
considerable variation in independent estimates of
the MCL position, that this variation might be
more pronounced in an obese subject, and that the
greater the vertical distance from the clavicle, the
greater the variation.

Methods

We recruited three volunteers, two of virtually
identical build ("normal", weight 78 kg, height 182
cm) and one who was heavier ("obese", weight
102 kg, height 177 cm). Twenty medical consul-
tants and house staff were asked to independently
estimate, at two sessions, the location of the right
MCL in an obese subject and a subject of normal
build. At the first session a tape measure was
affixed on each of the two subjects to run horizon-
tally across the right hemithorax starting at the
junction of the fifth rib and the sternum in the
region where the upper border of the liver might
be expected to lie. At the second session the
procedure was done below the costal margin to
approximate the area of palpation or percussion of
the lower edge of the liver. Each volunteer of
normal build served as a subject in only one of the
two sessions.

To avoid giving visual clues with the tape
measure readings, the tapes were positioned to run
from the middle of the sternum or midline of the
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abdomen around to the back, and no zero point
was shown. Each examiner was simply asked to
estimate where the MCL intersected the tape
measure and to designate this point on the tape, to
the nearest 0.5 cm. For example, in the initial
experiment with the obese subject, the most medial
number showing on the tape was 52 cm, the
midsternal line lay at 50.5 cm, and the examiners
picked points ranging from 37 to 47 cm on the tape
as the location of the MCL.

In the absence of a standard method for
locating the MCL, a "best estimate" for each
subject was made as follows. The acromio- and
sternoclavicular joints were palpated. The distance
between them along a straight line was measured,
and the midpoint of the line was marked. The
distance from that midpoint to the midstemal line
was then measured.

Statistical tests for relative importance of body
type and level on the thorax or abdomen as
sources of variation in MCL estimates were per-
formed with F ratios. A one-tailed distribution was
assumed, given the hypothesis that if there was
variation, it would be greater with obesity and the
lower level. The p values from standard F tables
were halved to allow for the fact that the tables are
set up for a two-tailed distribution. Since two tests
were performed, a Bonferroni-type correction was
applied to set the significance level for each test at
0.025.

F ratios were also calculated to assess the
hypothesis that interobserver variation would be
identical for consultants and house staff. A two-
tailed distribution was assumed. Since four tests
were performed, the corrected significance level
was 0.0125.

Results

To estimate the location of the MCL, some
examiners palpated to find the ends of the clavicle,
estimated its midpoint visually and then drew a
finger down the chest wall perpendicular to the
clavicle to the tape measure. Others studied the
subject's torso and abdomen, then picked a point

on the tape. None used a measuring device. The
range in estimates was substantial, and the mean
of the 20 estimates was closer to the midsternal
line in each case than was our best estimate (Table I).

Variability in MCL estimates was greater for
the obese subject (obese versus normal build: F =
2.234 [degrees of freedom 38,38], p = 0.004). The
variability was not affected by the level on the
thorax or abdomen where the MCL was estimated.

Examiner status was also tested as a source of
variation. No significant difference in variation was
found between consultants and house staff.

In the two subjects of normal build, to check
the accuracy of the best estimate and to confirm
the difference in MCL position despite their identi-
cal height and weight we halved the length of the
clavicle as determined by radiography and added
the measured distance from the sternoclavicular
joint to the midsternal line. The distances from the
MCL to the midline in the two subjects were 10.25
and 11.45 cm. These figures corresponded closely
to the best estimates of 10.5 and 11.5 cm respec-
tively.

Discussion

It is intuitively obvious that the distance from
the MCL to the anatomic midline depends on the
size of the patient and the configuration of the
thorax. Indeed, the convenience of the MCL has
rested on the fact that it appears to serve as a
self-adjusting landmark for each patient and there-
fore takes account of differences in size and build.
However, our results suggest that clinical estimates
of the location of the MCL are neither precise nor
accurate.

For practical purposes, imprecision is of great-
er concern than inaccuracy in MCL estimates. So
long as clinicians agree about the location of the
MCL, it can still serve as a landmark in physical
examination, even if the "clinical" MCL and the
"true" MCL differ. The considerable imprecision
shown in our experiment may be an underesti-
mate, since the clinicians knew they were under
observation and took special pains to estimate the
position of the MCL. For example, in our experi-
ence clinicians do not routinely attempt to deter-
mine the position of the MCL by actual palpation
of the clavicle.

As expected, the estimates of MCL position in
the obese subject were less precise (albeit more
accurate on average) than those in the subjects of
normal build. We expect that a similar increase in
interobserver variation could be demonstrated in a
nonobese woman with pendulous breasts.

Our best estimates of the MCL location were
lateral to the mean estimates of the 20 clinicians.
We hypothesize that this discrepancy resulted
because visual examination without actual palpa-
tion or measurement of the clavicle tends to give
an underestimate of its length, particularly in
broad-shouldered people. On the other hand, the
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radiologic confirmation of the best estimates in the
two subjects of normal build suggests that a
painstaking approach can yield an accurate esti-
mate of the MCL position. Further experimentatioii
is needed to determine whether this greater accur-
acy is associated with less interobserver variation.

Excellent cardiologic texts continue to state or
imply that palpation of the apical impulse lateral to
the left MCL implies cardiomegaly.9-11 Indeed, in
clinical parlance, one commonly hears a normal
apex beat described as being "at the fifth rib in the
MCL". There is no prima facie reason to believe
that our results from the fifth rib level on the right
should not reflect the precision and accuracy of
corresponding MCL assessments on the left. The
magnitude of interobserver variation is clearly such
that what one clinician considers cardiomegaly
may be viewed as the normal apex position by
another.

Constant12 has suggested that the mid-left
thorax at the fourth or fifth interspace be used in
preference to the MCL; cardiomegaly would be
present if the apical impulse were palpable or
visible 2 cm lateral to this midthoracic line. How-
ever, midthoracic line estimates are liable to suffer
from the same imprecision as that demonstrated
for MCL estimates.

On the other hand, Constant has also suggest-
ed that in an adult the normal ventricular impulse
should not be more than 10 cm from the midline of
the sternum, and Bates13 supports this by defining
the normal apex beat as being in the fifth inter-
space, 7 to 9 cm from the midsternal line. Al-
though our findings provide evidence for those
who prefer measurements from the midline rather
than from reference points such as the MCL or
midthoracic line, we have not seen a study validat-
ing the norms suggested by Constant and Bates.
Measurement norms could easily prove misleading
in extremely large or small adults. Furthermore, a
standardized technique would have to be estab-
lished. For example, Bates recommends measuring
along the straight line tangent to the curve of the
thorax, Constant does not specify a technique, and
most clinicians that we have observed simply bend
a flexible ruler around the chest wall to the cardiac
apex beat. We therefore suggest that except in
cases of gross displacement of the cardiac apex, in
which interclinician consensus is easily obtained,
clinical assessments of cardiomegaly are unreliable.

The situation with respect to clinical estimates
of liver size is even more complex, for there is
controversy over both the ideal method of assess-
ment and the range of normal values.14-2' General-
ly, measurement of liver span is made in the MCL,
but the examiner may use light or heavy percus-
sion and may locate the lower edge of the liver
either by percussion or by palpation. Because of
the asymmetric form of the liver, interobserver
disagreement on liver size due to differing meth-
ods may be further magnified if clinicians make
differing estimates of the location of the MCL.
Attention to this problem as a secondary source of

variability in clinical assessement of liver size may
assist those who attempt to develop reliable ap-
proaches to the physical diagnosis of hepatomeg-
aly.

Greater precision in clinical localization of the
MCL would be helpful to the art and science of
physical examination. At present, the MCL is a
wandering landmark with limitations as a refer-
ence point for clinical purposes.

Our thanks to the consultants and house staff who
participated in this study, Garth Clark, for helping with
data collection, Ken Gerow, for expert statistical advice,
and Medical Associates, Victoria Hospital, London, Ont.,
for support.
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